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I& I t  i s  a g rea t  p leasure t o  be here today, and e s p e c i a l l y  t o  be welcomed 

here i n  S a l t  Lake City by  t h e  Chairman o f  t h e  Committee on Aeronaut ica l  and 

Space Sciences o f  t h e  Uni ted Sta tes  Senate. 
CF 

As you can imagine, Senator Moss and I work c l o s e l y  together  i n  

Washington. We meet q u i t e  o f t e n ,  b u t  n o t  on t h e  same p l a t f o r m  as here 

today. 

Senators s i t  up the re  on a d ias ,  and my col leagues and I f rom NASA s i t  

down i n  f r o n t  a t  t h e  wi tness t a b l e .  

When the  Committee has hear ings,  t h e  Chairman and t h e  o the r  

\! 
We always know we a r e  going t o  g e t  some searching quest ions f rom /"" 

be f a i r  

and t o  

i n v e s t -  

o f  

t t e e  on 

Aeronaut ica l  and Space Sciences, we t r y  t o  make sure t h a t  i t  i s  o n l y  

w i t h  wheat, no c h a f f .  

Senator Moss. 

When we do t h a t  we g e t  a long ve ry  w e l l  w i t h  

Senator Moss, b u t  we always know, too,  t h a t  h i s  quest ions w i l l  

ones, and t h a t  h i s  aim i s  t o  separate t h e  wheat f rom t h e  c h a f f  
F- 

make sure t h a t  t h e  p u b l i c  i s  go ing t o  g e t  a good r e t u r n  on i t s  

ment i n  aeronaut ica l  and space research and technology. ._ - That,  

course, i s  my aim, t o o .  And when we go be fore  t h e  Senate Comm 

. .  - - -  - -  

~ - .  --._ ... .. 
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I fu l ly  share Senator  Moss' bel ief  in the des i rab i l i ty  and wisdom of 

maintaining a strong national e f f o r t  t o  advance technology, and I deeply 

appreciate the support he has given, and i s  giving, t o  NASA programs i n  

space and aeronautics. 

I have w i t h  me today a par t icular ly  s t r ik ing  enlargement of one of 
. -  
I the more than one hundred thousand images produced by ERTS-1. 

t o  be of the S a l t  Lake City area,  and i t  happens t o  show how versa t i le  

and  useful the ERTS reports can be. We had intended t o  send th i s  t o  

Senator Moss in Washington, b u t  when I learned tha t  we would b o t h  be on 

I t  happens 
-+-------- 

frwkk4q- 

the same platform here today, I t h o u g h t  th is  would be the appropriate 

time and place fo r  the presentation. I would l i ke  t o  see th i s  picture 

become well known th roughou t  Utah, as a symbol of the Space Age and how 

space technology is  beginning t o  serve mankind. 

Now l e t  us t ake  a closer look a t  what the ERTS program i s ,  a n d  what 

i t  can lead to. 

The strange sounding name (strange unt i l  you get  used t o  i t )  stands 
P- 

for  Earth Resources Technology S a t e l l i t e .  The word "technology" in the 

name i s  important; i t  means th i s  i s  an experimental program, n o t  ye t  ready 

for ,  o r  intended for ,  routine operations. 
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L- 
When we ta lk  about the ERTS program we are really t a l k i n g  a b o u t  many 

h 

t h i  ngs : o w .  bf 
r <C)% 1 -- We ?re t a l k i n g ,  f i r s t  of a l l ,  about  an L ' ; p a c e c r a f t  in an - 

-- We are talking a b o u t  new kinds of instruments t h a t  make images o f  

the Earth from high al t i tudes t h a t  are q u  

photographs, and more useful in many ways 

t e  different  from aer ia l  

-- We are talking about new ways fo r  feeding the outputs o f  these 

imaging instruments t o  computers t h a t  give us the specif ic  and 

relevant information we want and discard the r e s t .  

-- Finally, a n d  most impor tan t ,  we are t a l k i n g  about  a community of 

users, and potential users. I f  you are not a user ye t ,  b u t  work 

w i t h  maps, I am sure you are about t o  become one. 

c--u-.I 

-----"-- 

- 
c---- 

To make a long story short, ERTS has become a Space Age word t h a t  

stands for  a new way of seeing the Earth and  using w h a t  we see. 

c 
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The ERTS Spacecraft 

The  ERTS spacecraft i s  a remarkable piece of Space Age machinery. 

I t  i s  small. I t  weighs less than  a t o n .  But  i t  i s  crammed with instru- 

ments. I t  has gyroscopes and small rocket motors and a supply of rocket 

fuel t o  keep i t  s tabi l ized and i t s  instruments always pointed toward 

Earth. 

panels. 

I t  produces i t s  own e l ec t r i c  power from i t s  wing-like solar 

And i t  travels a t  more t h a n  14,000 miles an hour, day a f t e r  day, 

m o n t h  a f t e r  m o n t h ,  using no fue 

pull .  

a t  a l l  b u t  the Earth's gravitationa 

ERTS-1 was designed fo r  one year of useful l i f e .  B u t  we celebrated .----- - 
i t s  f i r s t  b i r t h d a y  i n  July of l a s t  year and  i t  i s  s t i l l  g o i n g  s t r o n g .  We P 

have a second ERTS spacecraft t h a t  will be ready for  launch early . --- nekt - IZ ~ O J ,  

year, b u t  we very l ikely will hold i t  in reserve i f  ERTS-1 i s  s t i l l  

functioning as well as i t  i s  now. We have some experimental weather 

--- 
c 

s a t e l l i t e s  similar t o  ERTS in design t h a t  have worked for  four years. 
cc 
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The ERTS Orbit D 

I t  i s  somewhat of a miracle t h a t  ERTS produces such precise d a t a ,  b u t  P- 

that  is due i n  part t o  the o r b i t  ERTS uses. Without i t s  very special o rb i t ,  

ERTS would n o t  be worth much. 
L 

I t  i s  i n  w h a t  we cal l  a Sun-synchronous o rb i t .  I t  i s  a l i t t l e  l ike  

F- 
a plane flying west tha t  seems to  keep up with the S u n .  

the poles, b u t  as i t  f l i e s  from north t o  south over the S u n - l i t  h a l f  o f  

ERTS orb i t s  over 

the Ear th ,  i t  i s  actually headed 9.1 degrees west of south. And t h i s  
-----I- 

heading i s  j u s t  enough t o  enable i t  t o  keep u p  w i t h  the S u n  as the Earth - 
turns eastward. 

F ERTS-1 crosses the Equator 14 times a dax  on i t s  north-to-south 

course, and no matter where i t  crosses the Equator, i t  i s  always a t  the 

same time, about 9:30 a.m. local Sun time. 
c-- 

ERTS-1 does n o t  run on s tandard time or daylight saving time, b u t  on 

c natural Sun time l ike our  grandfathers used before the standard time 

zones were s e t .  S u n  time was not very sat isfactory fo r  r u n n i n g  railroads,  

b u t  i t  i s  good f o r  r u n n i n g  s a t e l l i t e s  t h a t  observe the Ear th .  

ERTS-1 comes back over the same track every 18 days, always a t  a b o u t  
YI- 

the same time as before. 
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For example, i t  crossed the Sa l t  Lake City area l a s t  Saturday a t  - 
11:38 Mountain Daylight Time. I t  will be back 18 days from then -- 
--I - 9 t  

lo-  m r  
( rk (A) 

t h a t  will be March 6 -- and every 18 days thereaf ter ,  a t  a b o u t  11:38 

MDT, until i t  runs o u t  of the rocket fuel t h a t  keeps in precisely in 
9'2 L W U A  
41 ccrl - WM, position. (The time of crossing th i s  area will vary s l igh t ly  with the 4 

seasons of the year.)  u. #Pq41t;c 

w, This uniform time t h a t  ERTS keeps i s  intriguing, b u t  i t  i s  also very 
cc- 

practical and very important t o  the j o b  ERTS does. 

If you have ever worked with aer ia l  photographs, you know t h a t  

pictures taken a t  d i f ferent  times o f  the day look quite different  and  

are  hard t o  match up because of the different  Sun angles and  the 
------- -- .----..<-- ._.. ,r~,j _" . _ _ / , ~ _  ,,-. L, I . - " ~ ~ . - " r . - - - ~ . - ~ " - - -  

different  way the shadows f a l l .  

ERTS pictures always have the same S u n  angles and  shadows because ~ - _ _ _ - .  C_LI .. ,_ *.." - ' ----"---*---.U.ly,I ...a 1 s -  --- 
they are taken a t  the same S u n  time, on each 18-day pass, in every p a r t  

of the world, year a f t e r  year. 

S u n  angles are best f o r  photo interpretat ion,  so t h a t  i s  why 9:30 a.m. 

was picked as the time for  ERTS t o  cross the Equator .  

I t  has been determined t h a t  mid-morning - - -  --- 

-- - __ -__- --_ - - _ _ ~ _ _  - ----- 
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L-. 

ERTS-1 is i n  a near-circular orbit a b o u t  570 miles h i g h .  I t  completes _--- 
a t r i p  around the Earth every 103 minutes. On each pass over the United 

t 

States  i t s  instruments scan a s t r ip  115 miles wide. The images a re  processed c -- 
as squares, 115 miles on a side.  Each ERTS image covers a l o t  of t e r r i t o ry  

-- more than 13,000 square miles. 

whole United States .  And the j o b  can be done in a few days, except where 

cloud cover interferes .  

we get images of every par t  of the United States  f r ee  of clouds. 

About 600 ERTS images can cover the 
,- . , - - - -.a- -- 

k. --.---.-----. 
B u t  since ERTS comes back every 18 days, eventually 

c 

IooI1 The U .  S.  Geological Survey has estimated tha t  i t  would take 

60,000 images from h i g h  a l t i t ude  a i r c r a f t  t o  assure the same coverage. 
- 
B u t ,  of course, a i r c r a f t  could not begin t o  do  the same j o b ,  because 

l ighting conditions would not be uniform and there would be l o n g  delays 

from s t a r t  t o  f i n i sh .  And there would be t o o  much detai l  for  most users 

t o  handle. 

Moreover, ERTS images are  unique and especially valuable because 

one image covers a whole region, or mountain range, or watershed, or - -c 

metropolitan area,  and we see t h i n g s  from the ERTS perspective tha t  have 

never been seen before, w i t h  the best cameras o r  the sharpest eyes. 

I should a lso make c lear  tha t  Earth observations from space and aer ia l  
, .̂ .l -".--..- 

photography are  n o t  competitors. They complement one another. Aerial 

photography will always be needed fo r  h i g h  resolution a n d  for specif ic  

purposes i n  localized areas. Aerial photography and ground investigations 

-.7-m,--,__n-- -m.._c --- - 

will a l so  be needed from time t o  time t o  help in te rpre t  o r  ver i fy  what the 

c 

s a t e l l i t e  images reveal. 

F 
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The ERTS Sensors 

You may have noticed hat I keep referring t t h  P’ oducts of ERTS 

as images, rather than pictures or  photographs. There a re  no ordinary 

cameras aboard ERTS. 

There are  six d i f fe ren t  kinds of sensors we have t r i ed  o u t  f o r  Earth ..- -- - 

resources surveys from a i r c r a f t  and spacecraft. 

They are 

-- Photographic fi lm cameras 
cIcI---- 

-- Televisiol) systems 
__I-- 

-- Mu1 t i spec t ra l  scanners 

-- Thermal mapping scanners 

-- Imaging radar systems 

- 

-- and Microwave radiometers 

B u t  ERTS carr ies  only a television system ( the Return Beam Vidicon) 
-I .I_ 

and a Multispectral Scanner. These two systems work in d i f fe ren t  ways 

b u t  produce similar resu l t s  . 
c A2h*C/J 

The Multispectral Scanner on ERTS has four sensow. None o f  them 

pick up normal l i g h t  as seen by the eye. 

red color band, one picks up  green, and two pick up d i f fe ren t  wavelengths 

One picks u p  radiation in the 

P- 

F 

of infrared radiation not v i s ib le  t o  the eye. 
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Why are sensors operating a t  these special wavelengths more effect ive 

I can give two easy examples, than  an ordinary camera? I t ' s  a long story.  

Green l igh t  passes through water and  i s  n o t  reflected very much. 

i t  i s  reflected strongly by sediment i n  the water. Therefore, sediment and 

other forms of pollution i n  r ivers ,  lakes, and  oceans may show u p  quicker 

in a sensor operating a t  the green wavelength. 

B u t  

You are probably familiar w i t h  the way infrared is  used t o  identify 

vegetation i n  images from space. 

wavelengths very strongly, almost l ike  snow re f lec ts  v i s ib le  l i g h t  t o  the 

Healthy vegetation re f lec ts  infrared 

eye. An expert, looking a t  infrared images from ERTS can t e l l  whether a 

crop is healthy or n o t .  

by insects or disease. 

region of the spectrum with the infrared he can t e l l  whether the crop i s  

Or he can spot forests  t h a t  are under heavy attack - 
And by comparing how a f i e ld  looks in the v is ib le  

--e---- 

wheat or oats or beets and so on. 
c - .Y 

Some wavelengths are especially good f o r  sharply del ineating coast - - 
l ines ,  others are best for  measuring the depth o f  snow in remote mountain 

regions, others help the l a n d  use planner. - 
L - 

L 

c- 

pc 
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Serving the User 

The main p o i n t  I should make here i s  t h a t  spectral images from space 

are intended for  spec ia l i s t s ,  f o r  people who know how t o  use them, whether 

for  regional planning, or prospecting fo r  minerals, or for updating maps. 

As I reminded you e a r l i e r ,  ERTS i s  an experiment. And hundreds o f  

potential users around the world are cooperating w i t h  us t o  f ind o u t  i f  

and how ERTS d a t a  can be used in the i r  special areas of in te res t  and  in 

the i r  professions. 

One of the things NASA is  learning t o  do i n  the ERTS program i s  t o  

provide the relevant --"-*--u----. data to  the users quickly and i n  usable form. This 

means we must use computers t o  digest the vast  amounts o f  electronic d a t a  

coming i n  from ERTS and t o  produce specialized printouts for each class  
----*---,- 

L. 

- 

L 

- 

c 

of user. 

want frequent maps that  show only the snow covered areas.  

For example, the man who i s  keeping' track of snow cover may -__---.-- 

Now white snow 

will n o t  show u p  very well on a blank map. So he gets a printout t h a t  

a rb i t r a r i l y  shows the snow as g r e p  -- d a r k  green for  deep snow a n d  

l i gh t  green f o r  l i g h t  snow. When he gets used t o  the f ac t  t h a t  snow i s  

green, he has a valuable tool and has become one of the growing f ra te rn i ty  

o f  spectral image users. 
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Well, t h a t ' s  j u s t  a quick glance a t  how ERTS and i t s  sensors work. 

There i s  real ly  nothing mysterious a b o u t  them i f  you are familiar w i t h  

the electromagnetic spectrum and i f  you accept the f a c t  t h a t  whenever 

you look a t  any object there i s  more there t h a n  meets the eye -- more 

radiation being emitted or reflected than the human b r a i n  can use 

without special instruments. 

If you are already working i n  this f i e l d ,  you probably know more 

a-0. 

I hope my remarks have stimulated your in t e re s t  in learning more a b o u t  

If you are n o t  yet  working w i t h  multispectral images, 

them and how they are being used in the Space Age. 

ERTS technology promises t o  be one of the most useful tools we can 

have t o  help monitor and combat pollution and manage Earth resources 

bet ter .  B u t  t h i s  new tool  d i d  n o t  come i n t o  being overnight. People a t  

NASA and in the universit ies and in _ -  the a-erospace industry have been 

working actively on the ERTS program since 1966. 

use of a i r c r a f t  and ground controls t o  t r y  o u t  instruments and demonstrate 

We have made extensive - 
new uses. And, of course, basic research in the new discipline of remote 

m 
b. 

CCL- 

F 

sensing has been going forward f o r  decades. 
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USGS Pro to type Sate l  1 i t e  Gridded Image 

' When ERTS was f i r s t  proposed, c r i t i c s  thought  i t  would be o f  l i t t l e  

use f o r  mapping. And mapping was, o f  course, n o t  one o f  i t s  pr imary tasks.  

But  the  q u a l i t y  o f  ERTS images, f rom a mapper's p o i n t  o f  view, has 

been su rp r i s ing .  

The U. S. Geological  Survey has taken some conv inc ing  steps t o  b o l s t e r  

t h e i r  case f o r  t h e  use o f  space images i n  mapping, and p a r t i c u l a r l y  i n  

updat ing 1 i n e  maps. 

They have j u s t  r e c e n t l y  publ ished and p u t  on s a l e  what they c a l l  an 

exper imental  p ro to type gr idded image o f  t h e  Upper Chesapeake Bay reg ion,  

i n c l u d i n g  Washington and Ba l t imore .  

The iniage i s  about 15 by 15 inches. 

The USGS says: 

The sca le  i s  1 :500,000. 

-1 i "This  product  i s  unique i n  t h a t  t h e  ac tua l  ERTS t, CJ!'. 

image format  was used_rather than a c o n v e n t i o n a a u a d r a n g l e  format  and '\ 

c 

t h e  g r a t i c u l e  and g r i d  were f i t t e d  t o  the  image,." 
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The USGS p o i n t s  o u t  t h a t  "prepar ing a map from t h e  m u l t i s p e c t r a l  

images o f  one scene i s  much f a s t e r  and l e s s  c o s t l y  than mosaic- ing severa l  

images on a convent ional  format."  

Th is  exper imental  p ro to type gr idded image s e l l s  f o r  $1.23. Purchasers 
L- 

are  i n v i t e d  t o  comment on t h i s  new concept i n  u t i l i z a t i o n  of ERTS images. 

Another exper imental  p ro to type t h e  USGS has p u t  on sa le  uses one 

ERTS image and p a r t s  o f  two o thers  t o  cover  t h e  whole s t a t e  o f  New Jersey 

a t  the  sca le  o f  1:500,000. 

one t o  produce. 

Although t h i s  i s  a mosaic, i t  i s  a ve ry  s imple 

The Next SteD -- Ear th  Observator ies 

L 

c- 

t 

Now we a r e  g e t t i n g  ready f o r  t h e  n e x t  b i g  s tep  when ERTS experiments 

become r o u t i n e  operat ions se rv ing  a l a r g e  corfimunity o f  users throughout  

the  wor ld .  

What we have i n  mind a re  Ear th  Observatory S a t e l l i t e s  t h r e e  t imes t h e  

They w i l l  observe t h e  weather and t h e  
-- 

s i z e  o f  ERTS b u t  i n  t h e  same o r b i t .  

oceans i n  a d d i t i o n  t o  c a r r y i n g  ou t  t h e  Ear th  resources surveys f i r s t  

demonstrated by ERTS. Ten ta t i ve  p lans,  n o t  y e t  approved by t h e  Pres ident  

o r  Congress, c a l l  f o r  us t o  launch our  f i r s t  Ear th  Observatory S a t e l a t e  

i n  1978. 

__I_. ..---- 

IC 
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Various user groups are te l l ing  us now w h a t  they want  these new 

s a t e l l i t e s  to  do.  You will be glad to  know, I am sure,  t h a t  there are  

able and dedicated people a t  the U. S .  Geological Survey who are  working 

hard t o  make sure t h a t  the images produced by these new observatories 

will be of such quality and  accuracy t h a t  they can easi ly  be processed 

i n t o  maps of the k i n d  you are accustomed t o  working  w i t h .  

There i s  n o t  time today to  discuss NASA's work in a related f i e l d  -- 

the use of s a t e l l i t e s  t o  measure surf ace temperatures o f  the Earth on a 

global scale.  Such measurements, for example, could be used t o  search f o r  

new sources of geothermal energy, t h a t  i s ,  the so-called " h o t  spots". 

We are becoming quite active i n  t h i s  f i e ld .  We expect t o  have some 

interesting resu l t s  from Skylab experiments in geothermal spotting over 

Utah and other Western s ta tes .  In our new budget, which i s  now before 

cc 

Congress, we propose a new s a t e l l i t e  t o  be launched i n  1977 t o  make thermal -.".----".-- 

W h  measurements of the Earth's surface. 

Mapping Mission s a t e l l i t e .  Like ERTS, t h i s  i s  an experimental project ,  

b u t  we expect the technology employed w i l l  prove of major value i n  locating 

new mineral resources and energy sources a n d  i n  mapping so i l s  and geological 

formations. 

This i s  called our Heat Capacity ------ - --- 
P 



15 

L.. 

Conclusion 

F 

When we launched ERTS-1, t h ree  years a f t e r  t he  f i r s t  men stepked 

upon the  Moon, we took another g i a n t  s t r i d e  fo r  mankind -- here a t  home, 

i n  near Ear th o r b i t .  

the  h ighes t  s ign i f i cance  f o r  t h e  f u t u r e  o f  a l l  o f  us.  

took a h i s t o r i c  s tep t h a t  w i l l  he lp  save the  wor ld  as a h a b i t a b l e  home 

f o r  mankind. 

It was a s tep  fo rward  w i t h o u t  h igh  drama b u t  w i t h  

Wi th ERTS-1 we 

\ 

-__..,.”.-- 

The use o f  s a t e l l i t e s  f o r  p r a c t i c a l  b e n e f i t s ,  e s p e c i a l l y  i n  t h e  

Rocky Mountain S ta tes ,  i s  j u s t  beginning. I am proud t o  have a p a r t  i n  

t h i s  g rea t  e f f o r t ,  a long w i t h  Senator Moss, and I hope we w i l l  have your  F 

suppor t .  

I thank you. 



Or. Fletcher, Conference of American Congress on Surveying and Mapping 
Sa l t  Lake City, Utah 
February 21 ,  1974 

I t  i s  a great  pleasure t o  be here today, and especially t o  be welcomed 

here i n  S a l t  Lake City by the Chairman of the Committee on Aeronautical and 

Space Sciences of the United States  Senate. 

As you can imagine, Senator Moss and I work closely together i n  

Washington. 

today. 

Senators s i t  u p  there on a dias:  and my colleagues and I from NASA s i t  

down i n  f ron t  a t  the witness tab le .  

We meet quite of ten,  b u t  not on the same platform as here 

When the Committee has hearings, the Chairman and the other 

We always know we a re  going t o  get some searching questions from 

Senator Moss, b u t  we always know, too, t h a t  his questions wi l l  be  f a i r  

ones, and tha t  his aim is t o  separate the wheat from the chaff and t o  

make sure tha t  the public i s  going t o  g e t  a good return on i t s  invest- 

ment i n  aeronautical and space research and technology. That, of 

course, i s  my aim, too. 

Aeronautical and Space Sciences, we t r y  t o  make sure tha t  i t  i s  only 

w i t h  wheat, no chaff,  

Senator Moss. 

And when we go before the Senate Committee on 

When we do t h a t  we get  along very well w i t h  
1 .  
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I f u l l y  share Senator Moss' b e l i e f  i n  the  d e s i r a b i l i t y  and wisdom o f  

n ia in ta in ing  a s t rong n a t i o n a l  e f f o r t  t o  advance technology, and I deeply 

apprec iate the support  he has g iven,  and i s  g i v i n g ,  t o  NASA programs i n  

space and aeronaut ics.  

I have w i t h  me today a p a r t i c u l a r l y  s t r i k i n g  enlargement o f  one o f  

the more than one hundred thousand images produced by ERTS-1. 

t o  be o f  the S a l t  Lake City area, and i t  happens t o  show how v e r s a t i l e  

and use fu l  the ERTS r e p o r t s  can be. We had intended t o  send t h i s  t o  

Senator Moss i n  Washington, b u t  when I learned t h a t  we would both be on 

the same p lat form here today, I thought  t h i s  would be t h e  approp r ia te  

t ime and p lace f o r  the p resen ta t i on .  

become w e l l  known throughout Utah, as a symbol o f  t h e  Space Age and how 

space technology i s  beginning t o  serve mankind. 

It happens 

I would l i k e  t o  see t h i s  p i c t u r e  

Now l e t  us take a c l o s e r  l ook  a t  what the  ERTS program i s ,  and what 

i t  can lead t o .  

The strange sounding name (s t range u n t i l  you g e t  used t o  i t )  stands 

f o r  Ear th  Resources Technology S a t e l l i t e .  The word "technology" i n  t h e  

name i s  impor tant ;  i t  means t h i s  i s  an exper imental  program, n o t  y e t  ready 

f o r ,  o r  intended f o r ,  r o u t i n ?  operat ions.  
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When we t a l k  about t h e  ERTS program we a r e  r e a l l y  t a l k i n g  about many 

th ings  : 

-- We are t a l k i n g ,  f i r s t  o f  a l l ,  about an amazing spacecraf t  i n  an 

amazing o r b i  t . 
-- We a r e  t a l k i n g  about new kinds o f  inst ruments t h a t  make images o f  

the Ear th from h igh  a l t i t u d e s  t h a t  are q u i t e  d i f f e r e n t  from a e r i a l  

photographs, and more u s e f u l  i n  many ways. 

-- We are t a l k i n g  about new ways f o r  f eed ing  t h e  outputs  o f  these 

imaging instruments t o  computers t h a t  g i v e  us t h e  s p e c i f i c  and 

r e l e v a n t  i n f o r m a t i o n  we want and d i s c a r d  t h e  r e s t .  

-- F i n a l l y ,  and most impor tant ,  we a r e  t a l k i n g  about a community o f  

I f  you a re  n o t  a user  y e t ,  b u t  work users, and p o t e n t i a l  users.  

w i t h  maps, I am sure you a re  about t o  become one. 

To make a long s t o r y  sho r t ,  ERTS has become a Space Age word t h a t  

stands f o r  a new way o f  seeing t h e  Ear th  and us ing  what we see. 
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The ERTS Spacecraft 

f 

The ERTS spacecraft i s  a remarkable piece of Space Age machinery. 

I t  i s  small. 

ments. 

fuel t o  keep i t  stabil ized and i t s  instruments always pointed toward 

Earth.  

panels. 

month a f t e r  month, using no fuel a t  a l l  b u t  the Earth's gravitational 

I t  weighs less  t h a n  a t o n .  B u t  i t  i s  crammed with instru- 

I t  has gyroscopes and small rocket motors and a supply o f  rocket 

I t  produces i t s  own e l ec t r i c  power from i t s  wing-like solar 

And i t  travels a t  more t h a n  14,000 miles an hour, day a f t e r  day, 

pull. 

ERTS-1 was designed fo r  one year of useful l i f e ,  B u t  we celebrated 

i t s  f i r s t  birthday i n  July of l a s t  year and  i t  i s  s t i l l  going strong. 

have a second ERTS spacecraft t h a t  will be ready for launch early next 

year, b u t  we very l ikely will hold i t  in reserve i f  ERTS-1 i s  s t i l l  

functioning as well as i t  i s  now. 

s a t e l l i t e s  similar t o  ERTS i n  design t h a t  have worked f o r  four years. 

We 

We have some experimental weather 
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The ERTS O r b i t  

I t  i s  somewhat o f  a m i r a c l e  t h a t  ERTS produces such p r e c i s e  data, b u t  

t h a t  i s  due i n  p a r t  t o  the  o r b i t  ERTS uses. 

ERTS would n o t  be worth much. 

Without i t s  ve ry  spec ia l  o r b i t ,  

I t  is i n  what we c a l l  a Sun-synchronous o r b i t .  

a plane f l y i n g  west t h a t  seems t o  keep up w i t h  t h e  Sun. 

the  poles,  b u t  as i t  f l i e s  f rom n o r t h  t o  south over t h e  S u n - l i t  h a l f  o f  

the Ear th,  i t  i s  a c t u a l l y  headed 9.1 degrees west o f  south. And t h i s  

heading i s  j u s t  enough t o  enable i t  t o  keep up w i th  t h e  Sun as t h e  E a r t h  

tu rns  eastward . 
ERTS-1 crosses the  Equator 14 t imes a day on i t s  nor th- to-south 

I t i s  a l i t t l e  l i k e  

ERTS o r b i t s  over 

course, and no ma t te r  where i t  crosses t h e  Equator, i t  i s  always a t  t h e  

same t ime, about 9:30 a.m. l o c a l  Sun t ime.  

ERTS-1 does n o t  r u n  on standard t ime  o r  d a y l i g h t  saving t ime, b u t  on 

n a t u r a l  Sun t ime l i k e  our grandfathers used be fo re  t h e  standard t ime 

zones were s e t .  

b u t  i t  i s  good f o r  running s a t e l l i t e s  t h a t  observe t h e  Ear th.  

Sun t ime was n o t  ve ry  s a t i s f a c t o r y  f o r  running r a i l r o a d s ,  

ERTS-1 comes back over t h e  same t r a c k  every 18 days, always a t  about 

the same t ime as before.  

, 
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For example, i t  crossed t h e  S a l t  Lake City area l a s t  Saturday a t  

11:38 Mountain Day l i gh t  Time. 

t h a t  w i l l  be March 6 -- and every 18 days t h e r e a f t e r ,  a t  about 11:38 

MDT, u n t i l  i t  runs o u t  o f  t h e  rmocket f u e l  t h a t  keeps i n  p r e c i s e l y  i n  

p o s i t i o n .  (The t ime o f  c ross ing  t h i s  area w i l l  va ry  s l i g h t l y  w i t h  t h e  

seasons o f  t he  year . )  

It w i l l  be back 18 days f rom then -- 

Th is  un i fo rm t ime t h a t  ERTS keeps i s  i n t r i g u i n g ,  b u t  i t  i s  a l s o  ve ry  

p r a c t i c a l  and very impor tan t  t o  t h e  j o b  ERTS does. 

I f  you have ever worked w i t h  a e r i a l  photographs, you know t h a t  

p i c t u r e s  taken a t  d i f f e r e n t  t imes of t h e  day look  q u i t e  d i f f e r e n t  and 

a re  hard t o  match up because o f  t h e  d i f f e r e n t  Sun angles and t h e  

d i f f e r e n t  way the  shadows f a l l .  

ERTS p i c t u r e s  always have t h e  same Sun angles and shadows because 

they are  taken a t  t h e  same Sun t ime,  on each 18-day pass, i n  every p a r t  

of  t he  wor ld,  year  a f t e r  year .  It has been determined t h a t  mid-morning 

Sun angles a re  bes t  f o r  photo i n t e r p r e t a t i o n ,  so t h a t  i s  why 9:30 a.m. 

was p icked as the  t ime f o r  ERTS t o  cross t h e  Equator. 
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ERTS-1 i s  i n  a n e a r - c i r c u l a r  o r b i t  about 570 m i l e s  h igh .  It completes 

a t r i p  around t h e  Ear th  every 103 minutes.  

States i t s  inst ruments scan a s t r i p  115 m i l e s  wide. 

as squares, 115 m i l e s  on a s ide .  

-- more than 13,000 square m i les .  

whole Uni ted States.  

c loud cover i n t e r f e r e s .  

we g e t  images o f  every p a r t  o f  t h e  Uni ted Sta tes  f r e e  o f  c louds.  

On each pass over  t h e  Uni ted 

The images a re  processed 

Each ERTS image covers a l o t  o f  t e r r i t o r y  

About 600 ERTS images can cover t h e  

And t h e  j o b  can be done i n  a few days, except where 

But  s ince  ERTS comes back every 18 days, e v e n t u a l l y  

The U. S .  Geologica l  Survey has est imated t h a t  i t  would t a k e  

60,000 images f rom h i g h  a l t i t u d e  a i r c r a f t  t o  assure t h e  same coverage. 

But,  o f  course, a i r c r a f t  cou ld  n o t  beg in  t o  do t h e  same job,  because 

l i g h t i n g  cond i t i ons  would n o t  be un i fo rm and t h e r e  would be l ong  delays 

f ro in s t a r t  t o  f i n i s h .  And t h e r e  would be t o o  much d e t a i l  f o r  most users 

t o  handle. 

Moreover, ERTS images a r e  unique and e s p e c i a l l y  va luab le  because 

one image covers a whole reg ion ,  o r  mountain range, o r  watershed, o r  

me t ropo l i t an  area, and we see th ings  f rom the  ERTS perspec t ive  t h a t  have 

never been seen before,  w i t h  t h e  b e s t  cameras o r  t h e  sharpest  eyes. 

I should a l s o  make c l e a r  t h a t  Ea r th  observat ions f rom space and a e r i a l  

photography a re  n o t  compet i tors .  They complement one another.  A e r i a l  

photograp y w i l l  always be needed f o r  h i g h  r e s o l u t i o n  and f o r  s p e c i f i c  

purposes n l o c a l i z e d  areas. A e r i a l  photography and ground i n v e s t i g a t i o n s  

w i l l  a l s o  be needed f rom t ime t o  t ime  t o  h e l p  i n t e r p r e t  o r  v e r i f y  what t h e  

s a t e l l i t e  images revea l .  
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The ERTS Sensors 

You may have noticed tha t  I keep referring t o  the products of ERTS 

as  images, rather than pictures or photographs. 

cameras aboard ERTS. 

There a re  no ordinary 

There are s ix  different  kinds of sensors we have t r i ed  out for Earth 

resources surveys from a i r c r a f t  and spacecraft. 

They are  

-- Photographic film cameras 

-- Television systems 

-- Mu1 t ispectral  scanners 

-- Thermal mapping scanners 

-- Imaging r a d a r  systems 

-- and Microwave radiometers 

B u t  ERTS car r ies  only a television system ( the Return Beam Vidicon) 

and a Multispectral Scanner. 

b u t  produce similar resul ts .  

The Multispectral Scanner on ERTS has four sensors. 

These two systems work i n  d i f ferent  ways 

None of them 

pick u p  normal l i g h t  as seen by the eye. 

red color band, one picks u p  green, and two pick u p  different  wavelengths 

o f  infrared radiation n o t  v is ible  t o  the eye. 

One picks u p  radiation in the 
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Why are sensors operating a t  these special wavelengths more effective 

I can give  two easy examples, 

B u t  

t h a n  an ordinary camera? I t ' s  a long story.  

Green l igh t  passes t h r o u g h  water and i s  not reflected very much. 

i t  i s  reflected strongly by sediment i n  the water. 

other forms of pollution i n  r ivers ,  lakes, and oceans may show u p  quicker 

i n  a sensor operating a t  the green wavelength. 

You are  probably familiar with the way infrared i s  used t o  identify 

Therefore, sediment and 

vegetation i n  images from space. Healthy vegetation re f lec ts  infrared 

wavelengths very strongly, almost l ike  snow ref lec ts  vis ible  l i g h t  t o  the 

eye. An expert, looking a t  infrared images from ERTS can t e l l  whether a 

crop i s  healthy or n o t .  

by insects or disease. 

region of the spectrum with the infrared he can t e l l  whether the crop i s  

wheat or oats or beets and so on. 

Or he can spot fores t s  t ha t  a re  under heavy attack 

And by comparing how a f i e ld  looks i n  the v is ib le  

Some wavelengths are especially good for  sharply delineating coast 

l ines ,  others are best for  measuring the depth of snow i n  remote mountain 

regions, others help the land use planner. 
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Serving the User 

The main point I should make here i s  t h a t  spectral images from space 

a re  intended for  spec ia l i s t s ,  fo r  people who know how t o  use them, whether 

for  regional p l a n n i n g ,  or prospecting for  minerals, or fo r  u p d a t i n g  maps. 

i s  an experiment. And hundreds of 

cooperating w i t h  us t o  f i n d  out i f  

r special areas of in te res t  and i n  

As I reminded you e a r l i e r ,  ERTS 

potential users around the world are  

and how ERTS data can be used i n  the 

the i r  professions. 

One of the t h i n g s  NASA i s  learn ng t o  do i n  the ERTS program is  t o  

provide the relevant data to  the users quickly and i n  usable form. T h i s  

means we must use computers t o  digest  the v a s t  amounts of electronic data 

coming i n  from ERTS and to  produce specialized printouts f o r  each c lass  

of user. 

want frequent maps t h a t  show only the snow covered areas. Now white snow 

will not show u p  very well on a b l a n k  map. 

a r b i t r a r i l y  shows the snow as  green -- d a r k  green f o r  deep snow and 

l i g h t  green for  l i g h t  snow. 

green, he has a valuable tool and has become one of the growing f ra te rn i ty  

of spectral image users. 

For example, the man who i s  keeping track of snow cover may 

So he gets  a printout t ha t  

When he gets used t o  the f a c t  t ha t  snow i s  

.. 
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Well, t h a t ' s  just a quick glance a t  how ERTS and i t s  sensors work. 

There i s  real ly  nothing mysterious about them i f  you are  familiar w i t h  

the electromagnetic spectrum and i f  you accept the f a c t  t ha t  whenever 

you look a t  any object there is more there than meets the eye -- more 

radiation being emitted or reflected than the human b ra in  can use 

without special instrumer:ts. 

If you are  already working i n  this f i e l d ,  you probably know more 

about i t  than I do. 

I hope my remarks have stimulated your in te res t  i n  learning more about 

them and how they are  being used i n  the Space Age. 

If you are  not yet  working with multispectral images, 

ERTS technology promises t o  be one of the most useful tools  we can 

have to  h e l p  monitor and combat pollution and manage Earth resources 

bet ter .  

NASA and i n  the universit ies and i n  the aerospace industry have been 

working actively on the ERTS program since 1966. 

use o f  a i r c r a f t  and ground controls t o  t r y  out instruments and demonstrate 

new uses. And, of course, basic research i n  the new discipl ine of remote 

sensing has been going forward for  decades. 

B u t  this new tool d i d  not come into being overnight. People a t  

We have made extensive 
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USGS Prototype Sa t e l l  i t e  G r  i dded Image 

When ERTS was f i r s t  proposed, c r i t i c s  thought  i t  would be o f  l i t t l e  

use f o r  mapp ng. And mapping was, o f  course, n o t  one o f  i t s  pr imary tasks.  

But t he  q u a l i t y  o f  ERTS images, f rom a mapper's p o i n t  o f  view, has 

been s u r p r i s  ng. 

The U. S. Geological  Survey has taken some conv inc ing  s teps t o  b o l s t e r  

t h e i r  case f o r  t he  use o f  space images i n  mapping, and p a r t i c u l a r l y  i n  

updat ing l i n e  maps. 

They have j u s t  r e c e n t l y  publ ished and p u t  on s a l e  what they  c a l l  an 

exper imental  p ro to type gr idded image o f  t h e  Upper Chesapeake Bay reg ion ,  

i n c l u d i n g  Washington and Ba l t imore .  

The image i s  about 15 by 15 inches. 

The USGS says: 

The sca le  i s  1:500,000. 

"This  product  i s  unique i n  t h a t  t h e  ac tua l  ERTS 

image format  was used r a t h e r  than a convent ional  guadrangle fo rmat  and 

the  g r a t i c u l e  and g r i d  were f i t t e d  t o  t h e  image." 
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The USGS p o i n t s  o u t  t h a t  "prepar ing a map from t h e  m u l t i s p e c t r a l  

images o f  one scene i s  much f a s t e r  and l e s s  c o s t l y  than mosaic-ing severa l  

images on a convent ional  format."  

Th is  exper imental  p ro to type  gr idded image s e l l s  f o r  $1.25. Purchasers 

a r e  i n v i t e d  t o  comment on t h i s  new concept i n  u t i l i z a t i o n  o f  ERTS images. 

Another exper imental  p ro to type  t h e  USGS has p u t  on s a l e  uses one 

ERTS image and p a r t s  o f  two o the rs  t o  cover t h e  whole s t a t e  o f  New Jersey 

a t  the scale o f  1:500,000. Although t h i s  i s  a mosaic, i t  i s  a ve ry  s imple 

one t o  produce. 

The Next Step -- Ear th  Observator ies 

Now we a r e  g e t t i n g  ready f o r  t h e  nex t  b i g  s tep  when ERTS experiments 

become r o u t i n e  operat ions se rv ing  a l a r g e  community of users throughout 

the world.  

What we have i n  mind a r e  Ear th  Observatory S a t e l l i t e s  t h r e e  t imes t h e  

s i z e  o f  ERTS b u t  i n  t h e  same o r b i t .  They w i l l  observe t h e  weather and t h e  

oceans i n  a d d i t i o n  t o  c a r r y i n g  o u t  t h e  Ear th  resources surveys f i r s t  

demonstrated by ERTS. 

o r  Congress, c a l l  f o r  us t o  launch our  f i r s t  Ear th  Observatory S a t e l l i t e  

i n  1978. 

T e n t a t i v e  plans, n o t  y e t  approved by t h e  Pres ident  
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Various user groups are  t e l l i ng  us now w h a t  they want  these new 

s a t e l l i t e s  t o  do. You will be g l a d  t o  know, I am sure, t h a t  there are 

able and dedicated people a t  the U. S.  Geological Survey who are  working 

hard t o  make sure t h a t  the images produced by these new observatories 

will be of such quality and accuracy t h a t  they can easi ly  be processed 

i n t o  maps o f  the k i n d  you are  accustomed t o  working w i t h .  

There is not time today t o  discuss NASA's work i n  a related f i e ld  -- 
the use of s a t e l l i t e s  t o  measure surface temperatures of the Earth on a 

global scale. Such measurements, for  example, could be used t o  search for 

new sources of geothermal energy, t h a t  i s ,  the so-called "hot spots". 

We are  becoming quite active i n  t h i s  f i e ld .  We expect t o  have some 

interesting resul ts  from Skylab experiments i n  geothermal spotting over 

Utah and other Western s ta tes .  

Congress, we propose a new s a t e l l i t e  t o  be launched i n  1977 t o  make thermal 

measurements of the Earth's surface. 

Mapping Mission s a t e l l i t e .  

b u t  we expect the technology employed wil l  prove o f  major value i n  locating 

new mineral resources and energy sources and i n  mapping so i l s  and geological 

formations. 

In our new budget, which i s  now before 

T h i s  i s  called our  Heat Capacity 

Like ERTS, t h i s  i s  an experimental project, 
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Concl ir s i  on -- 

When we launched ERTS-1, t h r e e  years a f t e r  t h e  f i r s t  men stepped 

upon the  Moon, we took another g i a n t  s t r i d e  f o r  mankind -- here a t  home, 

i n  near Ear th o r b i t .  

the h ighes t  s i g n i f i c a n c e  f o r  t h e  f u t u r e  o f  a l l  o f  us. 

took a h i s t o r i c  s tep t h a t  w i l l  h e l p  save t h e  wor ld  as a h a b i t a b l e  home 

f o r  mankind. 

I t  was a s tep  forward w i t h o u t  h igh  drama b u t  w i t h  

With ERTS-1 we 

The use o f  s a t e l l i t e s  f o r  p r a c t i c a l  b e n e f i t s ,  e s p e c i a l l y  i n  t h e  

Rocky Mountain States,  i s  jui ; t  beginning. I am proud t o  have a p a r t  i n  

t h i s  g r e a t  e f f o r t ,  a long w i t h  Senator MOSS, and I hope we w i l l  have your  

support .  

I thank you. 


